SUMMARY During the period 1950-81, 678 cases of primary hyperparathyroidism were surgically treated at University College Hospital, London. The causes were a single adenoma in 575, two adenomas in 25, carcinoma in 20 (two of which had coexistent adenomas), chief cell hyperplasia in 56, and water clear cell hyperplasia in two. Histological diagnosis is not difficult except in some cases of carcinoma and in a few in which differentiation between recurrent hyperplasia and recurrent carcinoma is exceptionally difficult. In this paper we review all the cases of primary carcinoma of the parathyroid seen during this period to define those pathological, features of value in the diagnosis.
Two cardinal features for diagnosis of carcinoma at any site are local invasion and metastasis. In time, consistent association of certain macroscopic and histological features in a particular organ with this behaviour pattern may be used to diagnose carcinoma before infiltration and metastases have occurred. This approach has presented some difficulty with carcinoma of the parathyroid because it is uncommon and few people have the opportunity to study adequate numbers themselves. Moreover, metastasis is rare in carcinoma of the parathyroid. Further, although local recurrence may indicate a carcinoma, it may also occur because hyperplasia of all four parathyroids has been insufficiently resected. Again, although the typical adenoma and the typical carcinoma are quite distinct in their features, some tumours are difficult to categorise.
In the AFIP Fascicle in 1952' the importance of mitoses, a trabecular architecture, adherence to surrounding tissues, and to some extent capsular invasion and the extension of fibrous trabeculae from the capsule into the tumour were emphasised in the diagnosis of carcinoma. In the revised Fascicle in 1978,2 in addition to these features, the grey-tan colour, the hard consistency, and the lobulated cut surface of many carcinomas were emphasised.2 The presence of mitoses within parenchymal cells was considered the single most valuable microscopic criterion, while cellular atypia and variation were not.
Material and methods
Histological sections from all cases of hyperparathyroidism surgically treated at University College Hospital, London, were available, together with clinical records for the period 1950-81. In most cases the initial frozen section examinations had been done by one of us (JFS) as well as the gross tissue descriptions and examination of paraffin sections stained with haematoxylin and eosin and other methods when appropriate. In particular, 19 of the 20 cases diagnosed as carcinoma had been examined personally.
The case records and the follow up were supervised by the late Professor Charles Dent and Dr Lyal Watson. The operations were performed by Mr DR Davies and Mr AG Cowie. We are grateful to them and have indicated the case numbers of patients in the University College Hospital series as these are used in other publications in parathyroid disease from this hospital.
CRITERIA FOR THE DIAGNOSIS OF CARCINOMA OF THE PARATHYROID Each lesion was assessed for the presence or absence of a firm macroscopic tumour with a fibrous capsule or fibrous trabeculae, or both, on low power microscopy, a trabecular or rosette like cellular architecture, and the presence of mitoses. These four principal morphological criteria were supplemented by 1370
Histological diagnosis of carcinoma of the parathyroid gland (Fig. 1 ), but this may occur with adenomas, particularly if there has been old haemorrhage or previous surgery. Invasion of surrounding tissue is indicative of carcinoma. In the 14 cases for which we have a record of the initial tumour weight, it varied from 1 g to 15 g, with a mean of 7X3 g. The range was less than that for our adenomas (50mg to 37 g), but in these the mean weight was much less than in carcinomas. (Fig. 7) . The "melon seed" cells and nuclei described in the AFIP Fascicle raise a similar suspicion (Fig. 8) . The largest cells and the most atypical nuclei by conventional standards are found in a minority of adenomas (Fig. 9 ) and were, in fact, present in the adenomas which were removed at different sites in cases 7 and 12 of the present series in which carcinomas were resected. Furthermore, in both these cases the carcinomas recurred a few years later at the site of removal with similar features, but there was no recurrence of the adenomas.
Vascular invasion This is occasionally seen in carcinoma, but we have also seen it once in a large tumour which by all other criteria was an adenoma (Fig. 10) and have not therefore considered it a diagnostic feature. Extension into vessels is sometimes seen in other endocrine neoplasms-for example, phaeochromocytoma-without being considered indicative of malignancy.
Electron microscopy
We think that the nuclear features described in some of the earlier cases of this series3 and by others4 are useful. Unfortunately, only three of the later cases in this series have been examined in this way. In two the chromatin pattern of electron dense clumps dispersed through the karyoplasm, colloquially known as "an angry nucleus", was present. We have never seen these in an adenoma. In the other case such nuclei were not identified, but interchromatin granules described in malignant nuclei in other diseases were seen.5 Our experience with this change, however, is insufficient to assess its importance in parathyroid pathology. (Fig. 3) The occurrence of the four main morphological criteria is the same in each behaviour group. This supports the view that these criteria may be used, with care, in making a diagnosis of carcinoma before local invasion or metastasis has occurred.
The following points are of major interest and require emphasis: in all cases where observation of the initial gross tumour was possible, it was firm or hard. Fibrous trabeculae and a fibrous capsule were present in 18 of the 20 tumours and prominent in 14; this feature was absent in only one case in group A and one in group C. A trabecular architecture was present to some extent in 19 of the 20 cases and accompanied in some areas by a rosette pattern in five; the only case in which a trabecular architecture was absent was in group B. Mitoses were found in all cases except case 2 in group B; they were not more numerous in cases with initial local infiltration or which metastasised.
CLINICAL FOLLOW UP AND ILLUSTRATIVE CASE REPORTS
The clinical course of the disease was often prolonged after the initial diagnosis and a summary is provided in Table 2 . Nearly all cases presented with a picture of rapidly developing hyperparathyroidism with raised serum calcium concentrations and clinical bone disease. Two illustrative cases are briefly reported; case 4 is exceptional in lacking evidence of bone disease. versity College Hospital with a plasma calcium concentration of 3-2 mmolIl and corneal calcification. There was no evidence of bone disease. His erythrocyte sedimentation rate was 4 mm in the first hour and alkaline phosphatase was 7 KA units. At operation a 2-7 g tumour adherent to the thyroid gland was resected with the right lobe of thyroid; three normal parathyroids were also shown. The tumour was firm with a fibrous capsule and bands splitting it into irregular areas. A trabecular architecture was present in places and a few mitoses were identified. Distinct infiltration of the resected thyroid lobe was seen (Fig. 5) (Fig. 1) . The thyroid was removed with the tumour and thymic fat. On section, the carcinoma was firm and white. It had a fibrous capsule and intersecting bands, which divided the tumour. There was a variegated architecture with a trabecular pattern in places (Fig. 3) and numerous mitoses were seen in some areas (Fig. 8) . It infiltrated fibrous tissue to the margin of attached muscle but not the muscle itself.
The adenoma showed a picture with considerable variation in cell size, including large polypoid nuclei (Fig. 9) Yes that in none of their 67 cases was there evidence of origin of the carcinoma in a pre-existing adenoma or hyperplasia. In the AFIP Fascicle Castleman and Roth2 indicate that only rarely does a tumour originally diagnosed as adenoma prove to be carcinoma with metastases to the lung after many years. In retrospect they were still unable to recognise any morphological criteria of carcinoma in the original tumour or in the metastases.
Of 20 cases recorded in this paper, four were initially diagnosed as adenoma in other hospitals; we were unable to examine the initial material in case 5 when investigation and treatment was undertaken at University College Hospital; in cases 6 and 8 we would have diagnosed carcinoma on our criteria; in case 13 we would have diagnosed adenoma on the initial biopsy but carcinoma in the recurrent and metastatic material.
In two cases there was histological evidence that the carcinoma had a uniform appearance with features similar to those in Figs. 3 and 8, but in one area the cells were smaller and similar to those of an adenoma. In this region a degenerate area with numerous cholesterol clefts suggested a lesion of longer duration than the main tumour. In case 9 the carcinoma was a firm white nodule in a multinodular tumour; abnormal cytology and increase in mitoses with an abnormal tripolar mitosis was confined to this area. Two other parathyroids showed slight nodular hyperplasia and one appeared to be normal. There was a history of radiation to the neck for exophthalmic goitre 53 years previously followed by 20 years of "radiation vomiting" and operation for a thyroid goitre 36 years after the radiation to the neck. This was the only case in the present series in which there was an indication of chief cell hyperplasia associated with carcinoma of the parathyroid.
Carcinoma associated with non-familial chief cell hyperplasia has been described at least once. ' Smith is of interest in the light of the report of an adenoma and a carcinoma of the parathyroid in a brother and sister.'3 Thus there is evidence that the parathyroids may be susceptible to genetic and environmental influences which may act initially to produce hyperplasia, hyperplasia with neoplasm, or neoplasia which may be benign or malignant.
It is not, however, the purpose of the present paper to discuss the implications of this or to compare it with malignancies in other tissues where similar relations are more obvious, but to state as clearly as possible the histological diagnostic problem of parathyroid malignancy.
